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primary and tertiary structures around the CuA site employing amino
acid sequence analysis and structural modeling, and found that
the presence/absence of an inserted structural element close to the CuA
site may be related to the diversity of the redox potential.
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Proton diffusion along membrane surfaces is thought to be
crucial for many cellular processes such as energy transduction. It is
commonly regarded as a succession of jumps between membrane-
anchored proton binding sites. Our experiments provide evidence
for an alternative model. We released protons at the interface, and
monitored their arrival at distant sites by ﬂuorescence measurements.
The kinetics of the arrival was probed as a function of distance (i) for
membranes of various compositions [1] and (ii) for the decane/water
interface [2]. We found that long-range proton diffusion along the
interface required neither the presence of ionizable groups [1] nor of
lipids [2]. Salt removal altered the diffusion constant but did not inhibit
long range lateral proton migration. Surface to bulk transfer was
delayed by an energy barrier, which according to measurements at
various temperatures amounted to at least 8.7 kT [2]. The observation
of a large isotope effect supported the conclusion that interfacial
water provided the pathway for rapid lateral proton migration.
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Most electron transfer chains share a complex from the Rieske/
cytochrome b family. A common mechanism based on the Q-cycle is
usually widely accepted. Yet, the quinone reducing site Qi of the
complex harbors an additional heme, called ci, in cyanobacteria and
chloroplast, heliobacteria and low GC gram positive bacteria. The
conﬁguration of that haem suggests a possible coordination with a
substrate, an unusual feature for supposed electron transfer site.
Despite the accumulation of data, the mode of action of the action of
the Qi site remains to be elucidated. We propose here that the use of
anomalous scattering can be used to overcome the limiting resolution
of the available structures in order to gain further insights on the
heme states and to correlate spectroscopic and crystallographic data.
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Structural similarities between the small AioB subunit of arsenite
oxidase Aio, harboring a [2Fe-2S] cluster, and PetA, the Rieske-subunit
of Rieske/cyt b complex, show that AioB is a member of the Rieske
protein superfamily. AioB and PetA indeed are so closely related that
the conspicuous absence of the canonical disulﬁde bridge in several
AioB proteins, presenting yet unchanged spectral and redox proper-
ties, was surprising [1]. This disulﬁde bridge is considered to be
essential for Rieske cluster redox and spectral properties [2,3]. AioB
furthermore distinguishes itself from PetA through the apparent
fate of its leader sequence. Despite a similar predicted N-terminal
Twin-arginine translocation (Tat) signal sequence, PetA invariably is
membrane-anchored via its uncleaved Tat signal peptide, whereas
Aio was either found in the periplasm or associated with the
cytoplasmic membrane, depending on the species [4,5]. Heterologous
expression of Aio from Ralstonia sp. S22 and Rhizobium sp. NT-26 in
Escherichia coli allowed us to address both a) the nature of Aio's
membrane-association by biochemistry and b) the inﬂuence of the
disulﬁde bridge in this enzyme by EPR. The results with the Ralstonia
sp. S22 enzyme suggest that the Tat signal sequence is sufﬁcient
to attach the enzyme to the membrane. The study of a Cys106Ala
mutant, devoid of the ﬁrst Cys involved in the disulﬁde bridge
formation, conﬁrmed that this bridge has no signiﬁcant inﬂuence on
properties of the Rieske protein from Aio. Our study furthermore
revealed an oxidation-induced EPR spectral conversion of AioB
centre. We propose an interaction between the [3Fe-4S]- and the
[2Fe-2S]-center to be responsible of this conversion.
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The interplay between protein dynamics and electron transfer (ET)
has been extensively investigated in the bacterial photosynthetic reaction
center (RC) from Rhodobacter sphaeroides by hampering RC internal
motions at low temperatures [1]. Alternatively, the RC dynamics can
be inhibited at room temperature by incorporating the RC into
dehydrated trehalose matrices [2]. In the glasses the recombination
kinetics of the charge separated state P+Q-A are accelerated and
distributed in rate as compared to solution, mimicking at room
temperature the effects observed at 10 K in water-glycerol. This is
taken to indicate inhibition of the RC relaxation from the dark- to the
light-adapted conformation, as well as of the RC thermal ﬂuctuations
[1,2]. We proposed that the inhibition is mediated by residual water
molecules of the RC hydration shell which bridge protein surface
groups with trehalose molecules of the matrix by forming a network
of multiple hydrogen bonds [3]. Consistently, similar effects have
been observed also in RC ﬁlms dehydrated in the absence of sugar [4].
However, striking differences are found between RC-trehalose glasses
and RC-ﬁlms: (a) The thermal stability of the RC is tremendously
enhanced in the trehalose matrix. (b) In RC-trehalose matrices, the
P+Q-A recombination after a few seconds of continuous photoexcita-
tion is only partially decelerated as compared to the one recorded
after a laser ﬂash, whereas in dried RC ﬁlms a comparable period of
continuous illumination leads to a total recovery of the kinetics
observed in the hydrated system. These data indicate that in ﬁlms the
protein dynamics can be easily regained, in contrast to trehalose
glasses, which reveal much stronger structural constraints. We are
extending these studies to a series of RC mutants characterized by
a widely altered P+/P midpoint potential relative to wild-type [5].
In these mutants, the acceleration of P+Q-A recombination induced
by cooling to 10 K in the dark decreased with increasing midpoint
potential [6]. Interestingly, incorporation into dehydrated trehalose
matrices causes instead acceleration of the kinetics by the same factor
for all P+/P midpoint potential values.
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Electron transfer within WT R. sphaeroides cytochrome bc1 was
studied using a ruthenium dimer, Ru2D, to rapidly photo-oxidize
heme c1 within 1 μs. A range of different conditions including
viscosity, temperature, inhibitors and substrates was used to study
electron transfer between the iron-sulfur protein (ISP) and heme c1,
as well as electron transfer through the b hemes following turnover.
Electron transfer between the ISP and heme c1 was biphasic, with an
initial fast rate, k1, of 80,000 s-1, and slow rate, k2, of 3,500 s-1. k1 was
found to decrease signiﬁcantly with increasing viscosity, suggesting
that k1 is gated by rotational diffusion. k1 and k2 were fully inhibited
by half an equivalent of the stigmatellin, indicating that both ISP were
unable to rotate toward the c-state when stigmatellin is bound
to only one Qo site of the monomer. Electron transfer through the
b hemes following Qo site turnover was observed with an initial
reductive phase with rate constant, k2, of 3,500 s-1, followed by a
slower re-oxidation of heme bH with a rate constant, k4, of 500 s-1.
When both hemes bH were pre-reduced, two equivalents of heme bH
were re-oxidized per quinol oxidized at the Qo site. This suggests that
the quinone product of Qo site turnover diffuses through the
hydrophobic interior of the complex to act as substrate at the Qi site,
and that electrons are transferred across the hemes bL with a rate
constant of at least 500 s-1. It is also shown that k4 is not affected by
antimycin until at least half an equivalent of the inhibitor is present.
Supported by NIH grants GM20488 and 8P30GM103450.
doi:10.1016/j.bbabio.2012.06.393
20P14
Sub-micron scale distribution of electron transport compelxes in
bacterialmembranes, and its inﬂuence on electron transfer pathways
C.W. Mullineaux, L.N.Liu, S.J. Bryan, M.C. Leake, P.J. Nixon, P.R. Rich
School of Biological and Chemical Sciences, Queen Mary University of
London, Mile End Road, London E1 4NS, United Kingdom
Clarendon Laboratory, Department of Physics, University of Oxford,
South Parks Road, Oxford OX1 3QU, United Kingdom
Department of Life Sciences, Imperial College London, London SW7 2AZ,
United Kingdom
Glynn Laboratory of Bioenergetics, Institute of Structural and Molecular
Biology, University College London, Gower Street, London WC1E 6BT,
United Kingdom
E-mail: c.mullineaux@qmul.ac.uk
We use ﬂuorescence microscopy in combination with GFP-tagging
to investigate the distribution and dynamics of electron transport
complexes in bacterial bioenergetic membranes in vivo [1-4]. Mem-
branes investigated include the cytoplasmic membrane of Escherichia
coli [1], the cytoplasmic membrane of the atypical cyanobacterium
Gloeobacter violaceus [2] and the thylakoid membranes of the
cyanobacteria Synechococcus sp. PCC 7942 [3] and Synechocystis sp.
PCC 6803 [4]. Electron transport complexes visualised include the
photosynthetic reaction centres [2-4], respiratory complexes [1-3]
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